f 



# BEST AVAILABLE COP# 



(»2> 



UK Patent Application o«GB 2 097 324 A 



(2 1 } Application No 821 1 739 
{22) Date of fifing 22 Apr 1982 

(30) Priority data 

(31) 256812 

(32) 23 Apr 1981 

(33) United States of America 
(US) 

(43) Application published 
3 Nov 1982 

(51) .INTCL' 
B29D 7/24 

(52) Domestic classification 
B5B363 902 AK . 

(56) Documents cited 

None 
(58) Field of search 

B5B 

(71) Appficants 

E. I. Du Pont De Nemours 
and Company, 
Wilmington, Delaware 
1 9898, United States of 
America 

(72) Inventor 

Ralph Crosby Golike 

(74) Agents 

Carpmaels and Ransford. 
43 Bloomsbury Square, 
LondonWC1A2RA, 
England 



(54) Shrink films of ethylene/ff- 
olefin copolymers 

(57) A shrink film having high optical 
clarity, good shrink properties, and 
good mechanical properties Is 
obtained by stretching biaxially a film 
made of a copolymer of ethylene with 
at least one Cg— C,g a-olefin, which 
copolymer has two distinct crystallite 
melting points below 1 28<>C, the 



difference between these melting 
points being at least 1 5^C, and 
stretching being carried within the 
temperature range defined by these 
melting points. The above copolymer 
may be blended with a homopoiymer 
of ethylene or copolymer of ethylene 
with an ethyienicalty unsaturated 
comonomer. which may constitute up 
to about 95 weight % of the blend. 
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SPECIFICATION 

Shrink films of ethylene/o-olefin copolymers 
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BACKGROUND OF THE INVENTION ^ , copolymers of ethylene 

^^nffifo?:?^^^^^^^^^^ 

example, U.S. Patents 3,299,1 94 to Gol|ke and 3'663;662 to GolAe et ^ ^^^^ 
A polyolefin shrink film, used main y ^°;,7^PP "^^^^^^^^ within the 

10 should hU good optical « shrink within a 

wrapping-would be diminished or •os;-^'^ P'^.^^^r to a deqree of at least 1 5% in the direction of 
temperature range of approximately 1 00 to 1 20 f tJ^J^J'^J °7,ound the article enclosed within the 
orientation and with sufficient force iS^. lch as tensile strength and modulus, 

^' S a ^da:id;atalltimes.andwillnotgete^^^^^^^^^^^^^ 

,n order to obtain a " coXtTeS Sst en g^^^^^^^ the past to blend 

applications without cross inking P"0^*°,f2^, Zurallv it would be desirable to be able to make 
low density and high density ^►'V'*"' P?XTn?ooW^^^^^^ !his context, the tenh "low density- 

shrink films from a single low '^e'?,''^ «*Y'^.P°'^ J!'^^^ 0.940 g/cm^ 
means 0.940 g/cm' or less, and high densrty ^^^^^^l^^^ DOWLEX® low density 

A recent commercial offering of Dow Chemical wir^pan^^^^ excellent optics and 

"polyethylene" resins, are described in a ^o^^^^^^^ ar? not suitable for 

sSperior strength properties. Yet, t^^f..^^.^.^.^""^^^^^^^^^^ density polyethylene film and 

30 with 1-octene. 

siroSK^^^^^^ 35 

35 PO'Y-^^f^^PS^jJS^^^ % of atleast one linear copolymer of ethylene with at least one Ce-C« 
a^lefin. said copolymer having the following characteristics: 

(a) melt Index of 0.1—4.0 g/1 0 mm: 

(b) density of 0.900 to 0.940 g/cm'; 40 
40 (c) stress exponent above 1.3: and looor as determined by differential scanning 

d two distinct crystanite melmg reg,^^^^^^^ ?egtons being at least 1 S-C; and 

calorimetry (DSC), the tempera ure difference bet^^^ ^^^^^^^^^ 

with Cg— C,e a-olefin of the above paragraph (1 ). 

BRIEF DESCRIPTION OF THE D^WlNGS ^ p,^, polyethylene. 

.0:2rr2co»CS^^^^^^^^ 



density ethylene polymers. 



■ DETAILED DESCRIPTION OF THE INVENTION ^ copolymer of 

The principal resin used in the compositions of the presemi^^^^^^ ^^ctf>m. 

ethylene with aS "-o'^"' Jvjcal r ^e^ielTne ^ prepared at a low to 

55 1-decene, 1-undecene, 1-<^Pi'«~"«'j"^^^^^^^^^ catalyst according to the 

moderate pressure (about 29-4 MPa^ in he p^re^^^ ^^^^^^ catalysts are various 
generally known technique of the ^'^^.^"f'' and especially titanium-modified 

organoalumlnum, organotitanium, and °^9^"°^~,'r^^^^ a-olefins is taught, for 

orSanoaluminum compound^ The preparation of J^^^ 3, 
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*-«norf nn\AA_EX® resins and the preferred copolymer is that with 1 -octene. As the proportion of 
6 wlu« of m.ll index, density, and Mr.s» wr»nt *• "SS^^mmSly by™.«"S of «»"dsrd 

»r^rs,rpSis]:u=r,:;'i:drs';oL'«.»o.o'ASTMou33^^ 

10 21 60 g and 640 g weights, both at 190°C. ^ ,^3 ,,ave 

The copolymers should give two ^^^^-Vf ^^^^^^^^^ ^9^. For ethYlene/1 -octene 

two different groups of '^'VSt Jhtes eac^^^^^^^ 9 ^^3^ p,^^ in 

copolvmers. such regions will be at about 1 07 c l^.^^/:... » of 0.9 1 7. This polymer 

JiwUvs-temperatureinoCforc^^^^^^^^^^ 

1 5 has only one peak, which lies at about 1 07 J^L-Ji*^.^^^^^ peak is in reality a doublet, and 

copolymer (d = 0.920) is presented F'^^^^^^^^^^ this peak. FIG. 3 is a DSC plot 

the high melting temperature of t*^edoubletjs taken as c^^^^^^ conventional polyethylene. The 

for a blend of linear high density «*y'«"^(;;^/;f3"k3'^f Sen^ to those of the DOWLEX® 

■ blend density is 0.926. J.^^''-^-^^^^^^^^^^^^ po'lymer crystallite melting 

20 resins shown in FIG. 2. DSC is a ™" '^^^^ i.octene or another a-olefin, wherein the a-olefin 
temperatures. Unear «=°PO'V'"e« "^^^^JXat StSSd DSC peak is not observed are not suitable in 
comonomer is P^^s^"^^"' -.^rnrl oTC^wsSlfi^^^^^ regions in the ethylene a-olefin 
rpS,^e"rl'SS^rou== 

olefin copolymerofthte class in a a convent.^ P ^^^^ ^^^^ 

30 only one ctystallite melting region below 1 28 C can jetimes m.^ physical properties, including high 
copolymersosignificantlythatexcellentshn^^^^^^ 
optical clarity, can be made therefrom. Such "O"^^"^^'' or at low pressure. The 
high density and low density, linear and branched, .^fJ^J S^P"*"? esters, alkyi 
coU-^may be those with^^^^^^^^^ 

^e^S^rc^T^e^ni?^^^^^^^^^ 

"""°i'rSrmr^S.eco^^^^^ 
eithertubularorflatltisstretchejpree^^^^^^^ 

40 3 times in each direction, preferably J.'.!^^^ S pSent 3 141 91 2 to Goldman et al. 

and orientation of polymeric films « described in U-S. Pa ent 3 1 4^ , ^^^^^^,,^i„ed film will 

When subjected to a te-pe«tu- o^^^^^^^^^ ie awanfed by a considerable force, usually at 

preferably greater than 110. ,„»,omtmHiirpd after stretching but prior to shrinking, if 

A limited amount of '^rasf"!''"^ ^"J^"„ 1^^^ radiation, normally less than 

desired. This can be accomplished wrth a '2'7,'^"?6T3 SSaVGolike et al. Irradiated oriented films 
50 8 Mrad, as described, for example, .n U.S. 3.663.6^^^ .^^ 

have improved melt strength and 'ess senabve to^^^^ ^^^^^ ^1, 

This invention is now illustrated by t^^^^^^^^^^^ 

.ripoT^Mra^^SoT^^^^^^^^^^^ 
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TABLE I 



Melt 

-Temp., °C Density* Stress Melt 1-Octene 
Resin (by DSC) g/cm^ Exponent Index % 



124; 107 0.920 



126 
103 
126 



0.950 



0.917 



0.940 



Description 



1.4 1.0 14 Linear, low density 

copolymer 

1.8 0.45 1.7 Linear, high density 

copolymer 

— 4.0 — Branched Jow density 

homopolymer 

1.9 0.45 3.6 Linear, low density 

copolymer 



10 



EXAMPLE 1 ^ ^ 

Oriented tubular film was prepared by the process of U.S. 3,141 ,91 2 to Goldman. A 5 cm extruder 
operated at 230°C and at a feed rate of 0.9 kg of ethylene polymer resin per hour produced film at the 
rate of 2.7 m/mln. The hot tubular film was quenched, reheated to 1 1 5—1 20*^0, and blown at an 5 
Internal pressure of 2 kPa. The blowing was controlled with a quench ring to give a fivefold stretch in 
the transverse dfrection. The take-up rolls were operated' to give a fivefold stretch in the longitudinal 
direction. 

Shrink film made from resin A according to the present invention was compared with a pnor art 
shrink film made from a blend of resins B and C (in a respective ratio of 26 :74) according to the 1 0 

teachings of U.S. 3,299,1 94 to Golike. The films were placed about objects, hot wire sealed, and shrunk 
in a tunnel maintained at 1 67®C. The appearance of packages in both cases was identical. The 
properties of both shrink films are compared in Table II, below. All properties other than haze and gloss 
are given as a ratio: machine direction/transverse direction. 





TABLE 11 




' Resin Type* 


A 


B + C 
(26 :74) • 


Modulus, MPa * 


295/260 


360/330 


Tensile, MPa 


,115/108 


69/56* 


Elongation, % 


240/195 


152/128 


Tear, g/mm 


1480/1280 


267/462 


Shrinkage (100«C).% 


19/25 


27/30 


•i ■ • 

Shrink Force (100*»C) kPa 


1810/3590 


2960/3450 


Haze,% 


3.5 


3.6 


Gloss 


85 


93 



15 



* See Table I for resin description. 



20 



^TJn Wends-were prepared as shown in Table 111. below, melt blended in a ff"^ard single-screw 
mixing extruder, and melt pressed into 5 x 5-cm films. These were stretched fivefold at 1 20''C in each 
direction in a laboratory stretcher (T.M.Long Co.. Inc.. Somemlle,N.J.). ^•„t=woIii on 

■nie physical properties of the films of this invention (A/B and A/D Wends) are compared .n Table 1 1 20 
with those of prior art films made of ethylene polymer blends (B/C and (VD blends). The mprovement of 
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Resin Blend* 



TABLE III 



Higher Density Component 
Type** 
% 


B 

26 


D 

31 


B 

20 


D 
30 


Lower Density Component 
Type** 
% 


C 
74 


C 
63 


A 
80 


A 
70 


Film Properties 










Modulus, MPa 


367 


458 


583 


508 


Tensile, MPa . 


82 


64 


106 


119 


Elongation, % 


80 


106 


131 


114 


Tear, g/mm 


295 


336 


380 


380 


Shrinkage {100«C)% 


8 


8 


6 


10 


Shrink Force (100«»C) kPa 


1170 


965 


1420 


1240 


Haze,%. 


6.5 


4.3 


3.8 


2.4 


Gloss. 


65 


66 


73 


121 



♦ Proportions were chosen to give blend density of 0.926 g/cm*. 
** See Table I for resin description. 

EXAMPLE3 . • , o . ^ 

Oriented films were prepared from blends of resins A and C (see Table I). Stretching was earned 
out at 1 1 0—1 1 2°C using the same technique and equipment as infxample 2, The physical properties 
5 of the stretched films are shown in Table IV, below. It can be seen that all the properties change as the 
proportion of the conventional low density polyethylene (Resin C) increases. The most striking change Is 
the large decrease of the shrink f6rce with retention of the high liBvel of shrinkage. 



Proportion of Resin C 
in A/C Resin Blend, % 



TABLE V 
0 



25 



50 



75 



Rim Properties 
Modulus, MPa 
Tensile, MPa 
Elongation, % 
Tear, g/mm 
Shrinkage (100'>C)% 
Shrink Force (100*»C)kPa 

Haze, % 
Gloss 



364 
144 
129 
104 
16 
2250 
1.0 
140 



273 
69 
162 
510 
20 
2100 
1.7 
139 



240 
42 
144 

580 
16 
1670 
2.4 

119 



240 
30 
131 
260 
18 
1210 
1.6 
100 . 
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'^^"^^A shrink film made by stretching at least three times its origirial linear dimension in at least one 
direction a film made of the following homogeneous polymeric composition: 

(1 ) 5—1 00 weight % of at least one linear copolymer of ethylene with at least one Cg— c,, 
5. a-olefin, said copolymer having the following characteristics: 

(a) melt index of 0.1 — 4.0 g/10 min; 

(b) density of 0.900 to 0.940 g/cm^; 

ici stress exponent above 1.3; and 

• d) two distinct ciystallite melting regions below 1 28°C as determined by differential scanning 
10 calorlmetrv IDSC). the temperature difference between those regions being at least 1 5 C; and 1 0 

(2) 0—95 weight % of at least one polymer selected from the group consisting of ethylene 
homopolymers and copolymers of ethylene with an ethylenically unsaturated comonomer. said polymer 
having only one crystallite melting point below US-C; j„«„„j u., 

with the proviso that stretching is carried out within the temperature range defined by the two 
1 5 crystallite melting points of the ethylene copolymer with C,-C,3 a-olefin of the above paragraph (1 ). 15 

2 A film of Claim 1 , which Is made of a copolymer of ethylene with 1 -octene. 

3 A film of Claim 2 wherein the pnsportion of 1 -octene is about 3—1 6 weight percent. 

4 A film of Claim 1 . which is made of a blend of a copolymer of ethylene with 1 -octene having 
two crystallite melting points with a copolymer of ethylene with 1 -octene having only one crystallite 

20 melting point by differential scanning calorimetry. i.j!,„„.i„„ 
• 5 A film of Claim 1 which is stretched biaxially to the extent of at least five times in each direction 
6. A film of Claim 5 which is subjected after stretching but prior to shrinking to high energy 
radiation in an amount of less than about 8 Mrad. . „ „. ^ . u • i,- - .u- bi™ # « 

7 In a process for wrapping an article in an oriented polyolefin film and heat-shrinking tfie film to 
25 provide a tightly fitting overwrap about the article, the improvement of using a film of Clajm 1 • 
• 8. The Improvement of Claim 7 wherein the film Is a copolymer of e hylene with 1 -octene. 
9. A film as claimed In Claim 1 . prepared by a procedure substantially as descnbed in the 
foregoing Examples section. 



